The subgrade resilient modulus (Mr) is an essential design parameter for stress-strain 38 analysis of pavement structures (Ping et al. 2012) . In addition, the subgrade resilient 39 modulus is a key input in the AASHTO 1993 pavement design methodology and in all 40 three hieratical levels of design in the new AASHTOWare Pavement-ME design 41 procedure (Rahim 2005; Hossain et al. 2011) . Recent studies have indicated high 42 sensitivity of Pavement-ME predicted distresses to the subgrade resilient modulus 43 (Schwartz et al. 2013; Abd El-Hakim et al. 2016) . Furthermore, the subgrade resilient 44 modulus was found to have a significant effect on the design thickness of asphalt 45 overlays (Wu and Gaspard 2009; Wu et al. 2013) . 46
For new construction, it is possible to measure the subgrade resilient modulus in 47 the laboratory after collecting sufficient soil materials from the field (Ahmed et al. 2016) . 48
However, collecting a sufficient amount of soil materials from in-service pavement 49 sections by extracting cores is a tedious procedure that disturbs traffic, is costly, and can 50 have a significant impact on the integrity of the pavement structure (Tarefder et al. 2015) . 51
To overcome these difficulties, many Non-Destructive Testing (NDT) and semi-52 destructive devices have been utilized to assess subgrade material properties in-situ such 53 as the Falling Weight Deflectometer (FWD) and the Dynamic Cone Penetrometer (DCP) . 54
Yet, the DCP test requires drilling holes in the pavement section (Mohammad et al. 55 2009). On the other hand, the stationary nature of the FWD has limited the device 56 production rates and reduced its applicability for network-level surveys (Rada et al. 57 2011) . To address these limitations, a number of continuous deflection measuring NDT 58 D r a f t D r a f t
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Several modifications and upgrades were applied to the RWD since its first 83 introduction with respect to the laser sensors, data acquisition system, and software. The 84 laser collection system was moved between the tires, and a new procedure was 85 introduced for laser calibration. The laser sensors are set to collect a reading at a fixed 86 interval of 15.24 mm (0.6 in.) at all truck speeds. In 2009, a more accurate and stable 87 deflection measurement system customized for pavement applications was installed. The 88 upgraded system has a (101.1 mm) 4-in. measurement deflection range and has an 89 accuracy of ± 0.025 (0.001 in.). In the new system, four Selcom Model SLS 6000 laser 90 triangulation sensors are mounted at approximately 1.1 m. (3.6 ft.) above the roadway 91 surface with a 101.1 mm. measurement range. The laser sensors work simultaneously to 92 determine pavement deflections under the wheel load, with one sensor placed between 93 the dual tires to determine the maximum deflection. Two additional sensors are placed in 94 front of the wheels to measure a secondary pavement deflection at 457.2 mm (18 in.) 95 from the load. Prior to this research, no study has attempted to use the measurements 96 from the second sensor located 457.2 mm from the load in the analysis. 97
Typically, the RWD averages individual deflection readings over 160-meter (0.1 mile) 98 intervals, and reports the average deflection value along with its standard deviation. An 99 environmental chamber is utilized to maintain the measurement system at a constant 100 temperature. Further, the system includes a distance-measuring instrument (DMI) to 101 longitudinally reference collected data, an infrared thermometer to measure pavement 102 surface temperature, and a global positioning system (GPS) (ARA Inc. website 
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where Mr = subgrade resilient modulus (psi); C= Correction factor; P = FWD load (lb.); 112 dr = Deflection at distance r (in.); and r = Distance from the center of the FWD loading 113 plate (in.). 114
115
The relationship described in Equation (1) is valid at a distance r outside the pressure 116 bulb of the FWD load. Darter and co-authors recommended that the deflection used for 117 subgrade resilient modulus determination should be measured at a distance at least 0.7 118 times the radius of the stress bulb (ae), which can be calculated based on Equation 2 119 (Darter et al. 1991) . For relatively thin pavements, the stress bulb was found to be 120 approximately 381 mm (15 in.), and for medium to thick pavements, the stress bulb 121 ranged from 660 to 840 mm (26 to 33 in.) (Darter et al. 1991) : 122 that the difference in deflection magnitude can be significant between a continuous 134 deflection measuring device such as RWD and FWD deflection measurements; yet, the 135 general trends were relatively the same when comparing pavements that were 136 structurally-sound or structurally-deficient (Katicha et al. 2013) . Furthermore, both test 137 methods appear to properly reflect pavement conditions and structural integrity of the 138 road network by providing a greater average deflection and scattering for sites in poor 139
conditions. The effect of surface irregularities on the measurements of a moving device 140 (such as RWD), the difference in the load contact area between FWD and the RWD, and 141 the difference in loading mechanisms (rubber plate for the FWD and dual tire assembly 142 for the RWD), are all factors that may lead to deflection differences (Rada and Nazarian 143 2011) . Therefore, the deflection basin characteristics for the RWD are not expected to 144 match with the ones from FWD. Accordingly, the approach presented in Equations (1) Biases in layers j and k were named "b j " and "B k ", respectively (Leverington 2012) . To 246 train the network, such that the proper weights and biases are calculated, the input layer 247 was fed with the three selected RWD measurements, and the target layer was fed with the 248 subgrade resilient modulus values. The network structure is shown in Fig. 3 . 249
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Data from the Louisiana testing program were used in the model development phase (124 252 road segments). The data were divided into 70% for training, 15% for validation, and 253 15% for testing, so that more than 25 data points are used for validation and testing 254 purposes as recommended in literature (Beleites et al. 2013) . To avoid overfitting and to 255 increase the network generalization ability, training was halted when the validation set 256 error stopped decreasing, as shown in Fig. 4 . Since the testing data set had no effect on 257 D r a f t the training phase, it was used to provide an independent measure of the network 258 performance. 259
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RESULTS AND ANALYSIS 262
The regression plots of the ANN model for the training, validating, testing, and overall 263 sets are shown in Fig. 5 . All data processing was performed off-line using a commercial 264 software package (MATLAB R2013a, The MathWorks Inc.). As shown in this figure 
Forward Calculations 281
Artificial neural network models are considered by many researchers as "black-boxes" 282 (Attoh-Okine et al. 2009; Hsie et al. 2012; Benítez et al. 1997; Prechelt 1998) . With a 283 complex network structure, it is difficult to explicitly describe the learned relationship 284 between the input and the output variables. However, the simplicity of the model 285 presented in this study (only one hidden layer with only 2 neurons) offers a chance to 286 describe the network in a form of a simple equation. The general equation of a 287 backpropagation algorithm-based neural network with one hidden layer, one output 288 variable, and a tan-sigmoid (tansig) transfer function can be described as follows: 289 The tansig transfer function forces the neurons in the hidden layer to produce outputs in 298 the range of -1 to +1, which accelerates the back-propagation algorithm (Vogl et al. 1988; 299 Dorofki et al. 2012) . A linear activation function was then utilized to transfer the output 300 
Limits of Agreement 307
The limits of agreement (LoA) methodology, developed by Bland and Altman, is a 308 simple powerful methodology for assessing agreements between two devices or 309 procedures (Bland and Altman 1986) . The methodology was successful to the extent that 310 the reference that introduced this method has become one of the most cited statistical 311 papers (Ryan and woodall 2005) . Bland and Altman concluded that using only regular 312 regression could be misleading when comparing two devices or methodologies for two 313 reasons. First, correlation depends on the range and distribution of the variables. 314
Second, correlation ignores any systematic bias between the two variables (Bland and 315 Altman 2003) . A recent study concluded the usefulness of the LoA methodology for 316 comparing TSD and the FWD measurements (Katicha et al. 2013) . 317
The procedure of the LoA methodology consists of the following steps: (1) plot a 318 chart with the differences between measurements by two methods on the Y-axis, and the 319 mean of the two measurements on the X-axis, (2) calculate the mean and the standard 320 deviation (σ) of the differences, and (3) calculate the mean ± 1.96 σ. One would then 321 expect 95% of differences between measurements by two methods to lie within these 322
limits. Tables   Table 1. Comparison between RWD and FWD Characteristics 
